For the Standard Brain, only rigid and scaling transforbe preferable and can provide an even better alignment of neuropil structures. For example, in Figures 2C and mations were applied. They compensate for differences in position, orientation, and size of the image data sets 2F, a rigid transformation was independently computed but preserve differences in shape and orientation as for each labeled structure. This yielded additional diswell as the relative location and size of the neuropil placement vectors for labeled points. In order to generstructures. Figure 2A shows an average intensity map ate a continuous displacement field for all points in the in which 28 image data sets are superimposed. Compardata set, a special interpolation algorithm was designed ison with a single data set ( Figure 1A) gives an intuitive (see the Experimental Procedures). This procedure idea of the similarity of brains: the overlay still allows proved particularly useful for aligning enhancer GAL4 most of the structures to be recognized. In order to expression patterns to the Standard Brain that are douquantify the distribution of these structures in the overble-stained for the reporter and synaptic neuropil (see lay, an additional map was calculated ( Figure 2D ), indibelow). cating the probability for a labeled structure to occur at For many applications, the average intensity or probaa particular voxel. Large structures like the optic lobe have bility maps will be the appropriate standard. In some large areas of overlap in all brains (dark red), whereas cases, however, a representative single image data set smaller structures such as the mushroom body ␣ lobes may be preferable. This reference brain was defined as have no region where all 28 of them overlap. To improve the data set that correlated best with the label average, the registration, a scaling factor was introduced for each which was obtained by calculating the probability that brain ( Figures 2B and 2E) . Note that the average intensity included the volume closest to the average volume for maps still have the original orientation of the template each structure in the probability map (see the Suppleand are not rotated for optimal right-left symmetry.
mentary Material). For special applications, nonrigid registrations may two genders, despite the smaller number of projections Volume Differences between Wild-Types CantonS and Lindelbach from the eye in males, suggesting additional neuropil for male-specific processing in these neuropil regions.
Applications
Comparison of these two lines may be interesting, as CS has been kept in food vials for well over 1000 generaIn the central brain, most structures are larger in females than in males. For the antennal lobe, the difference is tions, whereas WT-Li has been living in the laboratory since only 1992 (about 130 generations at the time of about 9% for both strains, although a recent study [5] reported no sexual dimorphism in its glomerular pattern. the experiment). The lobula plate, which is well known to serve visual flight control [6-8], is 10% larger in WTIn CS, the mushroom body and lateral horn also follow this pattern; whereas, in WT-Li, these structures show Li than in CS, and the ellipsoid body, also tentatively associated with flight and visual processing [8, 9], is no significant sexual dimorphism. even 15% larger. In contrast, the protocerebral bridge, a premotor area for walking control[10, 11], is 10% larger in CS than in WT-Li. These differences suggest an adaptive trend from flight to walking in the food vials. Similarly, courtship under crowded laboratory conditions may have gradually affected the olfactory pathway in males, as their mushroom bodies and lateral horns are about 10% smaller in CS than in WT-Li. A special advantage of average intensity and probability maps is that any shape differences that might underlie or accompany volume differences can be visualized and quantified (optic lobes: [4]). For instance, it would be interesting to know how the doughnut-shaped ellipsoid body is affected by the volume change. These results will be presented later (but, as an example, see "Mutants" below). Mutants Many Drosophila genes have been discovered in screens for aberrant brain structure [12-14]. They are normally referred to by the defect that led to their discovery. More subtle changes in other regions of the brain may remain undiscovered. To properly account for the effect of a particular mutation on brain structure, the A preliminary evaluation of eight animals reveals that the hypoplasia compared to CS is largest for the lobula plate (39% Ϯ 4%), which had not been scored at all, account of the rol brain defects would be a major project scrutinizing the genetics, labeling, and alignment proceand smallest for the lobula (14% Ϯ 5%). The central brain seems to be generally larger than in CS (ellipsoid dures. This is beyond the scope of the present report. Given the abundance of brain structure variants in mubody: 15% Ϯ 7%). Whether this increase persists in a controlled genetic background remains to be investitant screens [12], we expect many genes to have mutant brain structure phenotypes. The Standard Brain will help gated. In contrast to the overall size of the central brain, the protocerebral bridge turns out 19% Ϯ 5% smaller to identify and characterize them. Figure  4A ). In the inspection of slices, even a large relative started to revolutionize brain anatomy and behavior research in Drosophila. Their usefulness critically depends change of about 35% as a volume effect can easily be missed if no special attention is paid to this structure. upon our knowledge of the spatial and temporal distribution of expression levels in the tissue. One of the purIn Figure 4B 
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We propose that laboratories characterizing gene ex- 
